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Sub-GeV Dark Matter
~ 107%%eV MeV GeV TeV MDM

h Cosmo histories motivate it/exist
W 3’7

We can look for it “easilg”
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Direct Detection of Sub-GeV Dark Matter 7

2 2 .1.:2 ] '1'2 m 9 1 : ,
Challenge FExgr = - 17 < / N <[190 oVx (r m% > 6 GeV
2my MmN 500 MeV M

Solutions 1: lower My Solutions 2: lower the thresholds



Direct Detection of Sub-GeV Dark Matter 7

- 212 02 2 /1
Challenge ENR, _ {q S / YN Y < v ( TTZX ) § GeV
2M N My 500 MeV My
Solutions 1: lower My Solutions 2: lower the thresholds
NEWS-G PHONON(S) & similar beasts

e.g. SciPost Phys. Proc. 12 (2023) 024
e.g. Campbell-Deem+ 2205.02250

MIGDAL e.g. SuperCDMS 2308.01540

—

<
N
w

005 010 050
Dark Matter Mass [GeV/cz]
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This Talk: from this ...

Lowering thresholds, current limits

Z D g,dxx + 8,449

10—35 B

DM —-nucleon cross section O'NR[CIHZ]

10737 : :
: e:
107+ A —
aall
10—41||| L] L |||ﬁ|: L I E I T . .
1073 104 0.001 0.010 0.100 |

DM mass Mpnm[GeV]



This Talk:

.. tothis with 2 ideas

Z D g, dkx + 8,499 g 10731 | j.;f
B = |
SISO € xl
S %
...E“}.; > @/GO{.
E 107 004;’00
o
S 1037
10777 ¢
§ : Super—-K CR
E 1039 ; Super—-K atm
| _ - DUNE atm
E 10—41 0 L] = o o o
107 1074 0.001 0.010 0.100 1
DM mass Mpy[GeV]
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New ldea for Direct Detection

High-velocity DM component unavoidably generated by Cosmic-ray scatterings

Bringmann Pospelov 1810.10543
Ema FS Sato 1811.00520
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Bringmann Pospelov 1810.10543
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Bringmann Pospelov 1810.10543

New | clea For Direct Detection Frma FS Sato 1811.00520

High-velocity DM component unavoidably generated by Cosmic-ray scatterings

108 /\ scalar
—— pseudoscalar

10° - — halo component

Cassioﬁ eia A Ckab | | | | | |
. 00 ™ 10F  10° 107 1027 100 10’
K, |GeV]

MDM =10 MeV, M, mediator — GeV, 8y8u = 8484 = 0.1

z}.



Bringmann Pospelov 1810.10543

New | dea For Direct Detection Frma FS Sato 1811.00520

High-velocity DM component unavoidably generated by Cosmic-ray scatterings

Also by Solar Upscattering

An Pospelov Pradler Ritz+ 1708.03642
Emken Kouvaris Nielsen 1709.06573

Pueh Leng Tan @ this conf
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Bringmann Pospelov 1810.10543

New | dea For Direct Detection Frma FS Sato 1811.00520

High-velocity DM component unavoidably generated by Cosmic-ray scatterings

Also by Solar Upscattering

lop of the atmosphere An Pospelov Pradler Ritz+ 1708.03642
Emken Kouvaris Nielsen 1709.06573
Pueh Leng Tan @ this conf ,

«—— Also by Atmospheric Showers

Alvey+ 1905.05776 , ...

Pascoli FS Xotta in progress
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Bringmann Pospelov 1810.10543

New | dea For Direct Detection Frma FS Sato 1811.00520

High-velocity DM component unavoidably generated by Cosmic-ray scatterings

Also by Solar Upscattering

lop of the atmosphere An Pospelov Pradler Ritz+ 1708.03642
Emken Kouvaris Nielsen 1709.06573
Pueh Leng Tan @ this conf ,

«—— Also by Atmospheric Showers

Alvey+ 1905.05776 , ...

Pascoli FS Xotta in progress

Also by Blazars
Wang Granelli Ullio 2111.13644, ...

ST
€ o &
Alsoby ... ;ﬁ QK {
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Recoll SPectra from fast Sub-GeVv DM

From Cosmic Rays, Ema FS Sato 2011.01939

m, = 10 MeV
10
101 F ‘
2 102 :—
i 10
S|
< 107°¢
— Zg E
10_45—
- scalar
10~ 3 —— pseudoscalar
- constant
10_6 | L 1 ||||| | | ||||||I | | ||||||I | |||||||I L 1 ||||| | L 1 1111l

107 10 1072 1071 109 101 102
K, |GeV]
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From Atmosphere, Arguelles+ 2203.12630

7 102 e . , s
g i Xe
o — O
T 10° 3 l H
- C :

- - : A

S ; |
5 F W
21072k |
(O : |
[® R .

) = C
2 1 g f\ |

§107% o
> E X \
) D 1 | |

= = S / |
O - al TA|
5 —6: : I l & /\ | I
< 10 100 101 102 103 104 105

E, [keV]
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New ldea 2: use Neutrino Detectors

7,

K
. J

Recoil Energies > 10 MeV = Qo to biggest existing detectors!

Ema FS Sato 1811.00520 CR-upscattered DM, electrons

Ema FS Sato 2011.01939 CR-upscattered DM, nucleons

Pascoll FS Xotta in progress Atmospheric DM, nucleons
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New ldea 2: use Neutrino Detectors

Ema FS Sato 2011.01939 CR-upscattered DM, nucleons
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CR~-DM vs nucleons at Neutrino Experiments

Protons with p, > 1.07 GeV emit Cherenkov light, already used for L's in Super-K 0901.1645 = We repurposed it!
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CR~-DM vs nucleons at Neutrino Experiments

Protons with p, > 1.07 GeV emit Cherenkov light, already used for L's in Super-K 0901.1645

m¢ — lGeV

We repurposed it!
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CR~-DM vs nucleons at Neutrino Experiments

me — 1 GeV
Monojet for g, = 1

—
—
s [ TSl -
= | T Tm=—a. Tt
= e
- e LT T Ly
§ .............
<L D gPx 70 T . L
8, Px + 8,049 | 10-2F=——_ BBN -L.DD
< - | .
S : Suerk | | TTm——m
3 I N e
N _ ---- HyperK

—— KamLAND

_ . - B JUNO
These ideas test also inelastic DM L S ENORT
unlike standard’ direct detection —-—- DUNE Ema FS Sato 2011.01939
_3 | | | ] ] ] L | | | | | | L1 | |
U103 102 101

m, |GeV]
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CR~-DM vs nucleons at Neutrino Experiments

m¢ = 1 GeV
10~ 1p — ,
: Monojet for g, = 1
I B Experimentalist
) from Super-K, DUNE...
T :
§ e e e
- -~--~~--"‘~—————.::::_'_'.'_'.L'L-—...-_ ——————————
>~ . T e
S e
| 10—2 e BBN DD
< D |
X - —— SuperK |
= ] uper Probe region allowed by all other constraints!
§  ---- HyperK
”
- —— KamLAND UV-complete with vector like quarks g, ~ go—— < 0.1 is OK!
........ JUNO \ . - MQ }
- ——— XENONIT
—-— DUNE Ema FS Sato 2011.01939
10—3 | | | I I I | | | NI |
1073 102 1071
m, |GeV]
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Super-K 2209.14968

Super~K then did the search!

10—30
PANDAX-II
1 0—31
B
S 1077
© - P
N - .‘6\66\‘2& —
107 5 (A [ ot 5
: T omy 2
oM
1 10 107
m, [MeV/c%
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New ldea 2: use Neutrino Detectors

Ema FS Sato 2011.01939 CR-upscattered DM, nucleons

FILIPPO SALA (U. BOLOGNA) HUNTING FOR DM WITH ITS HIGH-ENERGY FLUXES
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New ldea 2: use Neutrino Detectors

Pascoll FS Xotta in progress Atmospheric DM, nucleons
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Neutrino Detectors & Atmospheric DN Pascoli Fs xottain progress

Z D g Pxx + 8,449 1021 L

m¢ — 1 GeV |
10—33 B

10—35 i

| Here only DM from eta mesons

10737 +

DM-nucleon cross section oy [cm?]

e Super—K CR )
! - ]
10| - Super—K atm _
@ : DUNE atm
]0_41 L II - . III{TI: R D -
107> 10~ 0.001 0.010 0.100 1
DM mass Mpy[GeV]

I
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OUtIOO‘(: Other sources + (KM3Net, lceCube,..)

De Marchi Granelli Nava FS in progress

For related ideas listen to
Marco Chianese’s talk
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More on: DM-nucleon scatterings




Z D g){ a)?ly5)(+ gqaqi}/Sq

Cross Sections

do,

dK

1 9%2a9%a

t2

Fa(q%) = Gut%(¢%)

Kax 167s (m2

a

—t)

2Fa,2(_t)

Z D 8,5%x + 8,509

d0'¢

dK

dna

Ga(=t) =Ga(=t) +

PCAC relation

t
4m%v G?D(_t) - 26qGG(_t)

ZmN

:ga

hu+d

My, + My

Gua

hy = NIma@salN) 1 0,45

muy

= Gda — Ya

1 g>2<¢912v¢ (_t T 4mi) (_t T 4mi) 2 2

Knax 107s

(mg

_t)z

n, Fi(—t)

my my
Ing = 9o (m—fz]bv | fc]zv>

u mgq

Jup = 9dp = 9¢

1

Fe (q2) =

(1+¢%/A2)"

A-He — 410 MGV

N =

<A”"quuv>

mny

N =1.99 x 1072,

AV =431x1072




Flux of Accelerated DM Component

108 /\ scalar
—— pseudoscalar

10° - — halo component

10—7 |
10—10 | /

10-13 / | | | |

I
10-10 1078 1079 107* 1072 109 102
K, |GeV]

MDM = 10 MGV, Mmediator — GGV, g)(gu — g)(gd = 0.1



Farth Attenuation

dK (z) do _ _
X _ _
s — ZnT/dKT KTdK (I)X(Z)dKX(Z) — (I)XdKX
T T
Z D g,ajiysy + 8,aqiysq Z D g, S%x + 8,599
109
/‘ —— 2z =0km —— 2 =0km
‘ — 2z = 1km — 2z =10km
104 —— 2 =2km —— 2z =20km
T —— 2z =>5km —— 2z =50km
S 102
&&
= 20 10
|
&S
10—2_
—4 Lol Lol Lol ! AW —4 Lol Lol L RN Lo
10 1072 1071 10V 10! 102 10 102 1071 10V 10!
K, |GeV] K, |GeV]

MDM = 10 MeV, Mmediator — G@V, g)(gu — g;(gd = 0.1



L imits for other values of parameters

Z D g, ajiysy +8,aqiysq

—
—---—-

E - . —— SuperK
Y L [ —_
I NS + === HyperK
[ | —— KamLAND
i I N R JUNO
decay — ——- DUNE
10—3 T 1 ] ] ) A I I I N T —

-
u — y
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101

Z D 8,50 + 8,599

m¢ = lGeV

101 :
Monojet for

Iyp =1

: ---- HypeK T
| —— KamLAND

........ JUNO
[ —— XENONIT

—-— DUNE

10—3_ | | IIIIII_ | | IIIIII|_ |
10~3 1072 10~1
m, |GeV]




L imits for other values of parameters

Z D g, ayiysy + 8,4 qiysq

— SuperK

---- HyperK
—— KamLAND
........ JUNO
——- DUNE

\

Z D 8,50 + 8,599

0 m¢ = Ge\/
107 ¢
- —— SuperK
[ ---- HyperK
—— KamLAND
NICEEEERT JUNO
| XENONIT
| —— DUNE
10~'e. T
BBN DD
10—2 — L1 |_ L1 |_
10~3 102 10~ 1




