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Hunt for New Physics: Current Status

ATLAS SUSY Searches® - 95% CL Lower Limits

ATLAS Preliminary
G=13TeV
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Current Status of Dark Matter Searches

U No observation of DM signatures via -

non-gravitational interactions while

-40
many searches/interpretations 10
designed/performed under

nonrelativistic WIMP/WIMP-like

10742

scenarios

= Excluding more parameter space in

dark matter models
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[US Cosmic Visions, Battaglieri et al (2017)]

Ideas of beyond-the-WIMP are timely and well motivated!
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The Dark Matter Landscape

Mproton Mpianck 100 M@

10722 eV 10°% eV 1028 eV 1068 eV

WIMPs

v" Less constrained by current searches

v' Probing dark sectors: (Light) dark matter + (light) new mediators (e.g., ALP, dark photon)
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g Non-Conventional Dark Sector Scenarios

U SM sector contains several stable particles, many unstable particles, and force mediators.

D . . h . . 1
Xo (as in the minimal setup)
> Xo

L More members in the dark sector

v' More dark matter species, say y;, ...

v" Unstable members, say y,,, ...

v Mediators of mediating interactions between SM
particles and dark-sector particles, say dark
photon (X), ALP (a), ...

O E.g., models of inelastic boosted dark matter (iBDM)

3 heavier (dominant) relic dark matter + lighter

(boosted) dark matter + dark photon [DK, Park, Shin, PRL
119 (2017) 16, 161801]
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Searches for Exotic Particles at Next-Generation v Exp.

O Such exotic particles are usually (very) weakly interacting with SM particles and/or often coming from
astrophysical sources. = High-intensity facilities and/or large-volume detectors are better motivated.

— Next-generation v experiments (either ongoing or near-future) are good places to perform searches!

Part I: Cosmogenic signal Part 1I: Lab-produced S|gnal

g k % 7 -
: ¢ ,/ Inelastic/elastic BDM Reactor ~ o =
Surface d Low-mass DM
'S b urface detector ALPs

= JCARUS m
*  ProtoDUNE e
= = COHERENT

— = CCM

= Underground detector =  JSNS?

= DUNEFD = MINER
= Hyper-K S
- (see also Kevin’s talk)
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; Part I: Cosmogenic Signal

Snowmass2021 - Letter of Interest Link to this LOI

Physics Opportunities with Inelastic Boosted Dark
Matter in the Next-Generation Large-Mass Neutrino
and Dark Matter Experiments

NF Topical Groups:
B (NF3) Beyond the Standard Model

Authors: Haider Alhazmi, Joshua Berger, Hector Carranza, Animesh Chatterjee, Albert De Roeck, Gian
Giudice, Chang Hyon Ha. Lucien Heurtier, Wooyoung Jang. Doojin Kim, Kyoungchul Kong, Hyun Su
Lee, Pedro A. N. Machado, Zahra Gh. Moghaddam, Gopolang Mohlabeng, Jong-Chul Park, Seodong Shin,
Leigh H. Whitehead, and Jachoon Yu

Snowmass2021 - Letter of Interest Link to this LOI

Searches for Boosted Dark Matter at
Surface Experiments

NF Topical Groups:

M (NF3) Beyond the Standard Model

Authors: Hector Carranza (University of Texas at Arlinton), Albert De Roeck (CERN), Wooyoung Jang
(University of Texas at Arlinton), Doojin Kim (Texas A&M University), Kyoungchul Kong (University of
Kansas), Jong-Chul Park (Chungnam National University), Seodong Shin (Jeonbuk National University),
and Jachoon Yu (University of Texas at Arlinton)


https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-CF1_CF0-TF8_TF9_Doojin_Kim-032.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-CF1_CF0-TF8_TF9_Doojin_Kim-049.pdf

Two-component Boosted DM Scenario

O A possible relativistic source: BDM scenario (cosmogenic), stability of the two DM species ensured by
separate symmetries, e.g., Z, ® Z;, U(1) ® U(1)', etc.

SM
e ..

Freeze-out later

Dominant relic

Freeze-out first
1078

Negligible, non-relativistic relic
1079 L
10710 “Assisted” freeze-out mechanism
[Belanger, Park (2011)]
S1071E
]0712 L
]0—13 L
10714 I I L I I
10 15 20 30 50 70 100

x=my, [T
e e
Doojin Kim, Texas A&M University 7 NFO03 Kick-off Meeting




Motivation for BDM

Xo X1 SM
Xo X1 SM
v" Heavier relic y,: hard to detect it due to tiny/negligible coupling to SM

v" Lighter relic y;: hard to detect it due to small amount

_____ e o e X
- 4 L =
\ becomes boosted - o
Xo (in present universe),
1 hence relativistic! \

(y1 = mo/my)
* Galactic Center (GC) (Laboratory)
* Sun (see Yun-Tse’s talk)

» Dwarf galaxies

Doojin Kim, Texas A&M University 8 NFO03 Kick-off Meeting



(a) Elastic scattering (eBDM)

Boosted Dark Matter Signals

X1 .

A 4

Xo: heavier DM

x1: lighter DM

v1: boost factor of y;

X»: massive unstable dark-
sector state

¢: mediator/portal particle
(e.g., dark photon)

Target recoil only

l Detector

X1

P -
»

A 4
Y

X1
Xo @ X1 "
—t Ay
Xo é X1 :
e _———
GC, Sun, dwarf galaxies..| (b) Inelastic scattering (iBDM)
BDM mechanisms:
 Pair-annihilation g A1
* Decay Y1

* Semi-annihilation
* Induced nucleon decay
* Cosmic-ray-induced

Target recoil + secondary
sighatures (could be
displaced)

Numerous related studies: Agashe etal, 1405.7370; Belanger etal, 1112.4491; Berger et al, 1410.2246; Kong et al, 1411.6632; Bhattacharya et al,
1407.3280; Kopp et al, 1503.02669; Necib et al, 1610.03486; Alhazmietal, 1611.09866; Berger et al, 1912.05558; Kim et al, 1612.06867; Kachulis
etal, 1711.05278; Cherry etal, 1501.03166; Giudice etal, 1712.07126; McKeen et al, 1812.05102; Ha et al, 1811.09344; Arguelles et al,
1907.08311; Chatterjee et al, 1803.03264; Kim et al, 1804.07302; Aoki et al, 1806.09154; D’Eramo et al, 1003.5912; Huang et al, 1312.0011;
Heurtier et al, 1905.13223; Bringmann et al, 1810.10543; Emaetal, 1811.00520; Kim et al, 2003.07369;De Roeck et al, 2005.08979; Fornal et al,
2006.11264; Cao etal, 2006.12767; Alhazmi et al, 2006.16252; many more

Doojin Kim, Texas A&M University

9

NF03 Kick-off Meeting



Rough Estimate of the BDM Events

O BDM flux (in the case of
annihilating BDM from GC)

Fi1=16 x 10" %cm 257! ( {ov)o- ) (100 GGV)2

5 x 10~ 26cm?s ! mo

MeV in the dark photon case)

O Cross section of BDM with target E
electron/nucleon is assumed to be E
0,~10732cm? (which would be 0.01
obtained with e~10~* and my = 30 1o~ ‘

— PR E—— | | P —— |

001 01 1 t 10 100
m =E1 [GEY]

0 No acceptance, no background

considerations.

t-scale DM detectors (e.g., Xenon1T) can access.

Sub-kt-scale v detectors (e.g., Borexino, ICARUS) are motivated ——

kt-scale v detectors (e.g., DUNE, HK) are motivated
S S S S S S S
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| Complementarity among Neutrino (& t-scale DM) Exp.
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[DK, Machado, Park, Shin, JHEP 07 (2020) 057]

Doojin Kim, Texas A&M University
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iBDM Searches at Underground Experiments

1/o-do/dE,,, [MeV™]
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e-recoil channel: particles rather collimated, good angular resolution

motivated (cf. dE/dx analysis)

p-recoil channel: a majority of proton recoils populated in the lower energy

regime, small threshold motivated

High-capability detectors (available in next-generation v experiments) better motivated

Doojin Kim, Texas A&M University

(cf. See Yun-Tse’s talk for BDM-induced DIS.)
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iBDM Searches at DUNE

Zero BG, 40 kt-yr (my, my, my) = (50, 60, 30) MeV, € = 0.0004 X1 ¥ X1
—— e—scat: 40 kt-yr, Zero BG . X* x™
= q0m22) T e—scat: 10 kt-yr, Zero BG &
I == e—scat: 40 kt-yr, 50 BG ) e /p e /p
1073 "’E —  p—scat: 40 kt-yr, Zero BG
' = === p-scat: 10 kt-yr, Zero BG
e 10_24 == p—scat: 40 kt-yr, 10 BG
w (mg,my,my) = (2000,20,40) MeV ol
104 — ¢—scat =—— p-—scat T
= COSINE-100 [ S ol Pl A~ il ol ol iy
(o, m ) = (500,10,15) MeV E 1026
=== e-scat === p-scat g ,,,,,
10-5 - -~ COSINE-100 3
4 (}[\ 10_28
0.01 0.02 0.05 0.1 0.2 0.5 0.1 0.5 1.0 5.0 10.0 50.0
my [GeV] ny [GeV]
: = (my,my,my)=( 5,15,15) MeV, e=4x107>
O Backgrounds and parameterized detector effects were 1073 1o Gy m)=(50.60.30) MeV, e=dxi0® |
: === e-—scattering === p-—scattering ';',“f"‘\
considered. ———— <
: 3 & 10-35
O Various model-independent and model-dependent £ :
g e : y = E
sensitivities were investigated. - =
S 10 =
0 DUNE(-like) detectors can probe a wide range of unexplored =z g
2
parameter space. 10-3 7%‘ g,
[De Roeck, DK, Moghaddam, Park, Shin, Whitehead, JHEP accepted, arXiv:2005.08979] 0.1 0.5 1.0 5.0 10.0 50.0
|
my [GeV]
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eBDM Searches at “Surface” Experiments: Earth Shielding

0 eBDM search (recoil only) at surface detectors are challenging because of enormous comic-origin BGs.

(Cf. iBDM search at ProtoDUNE [Chatterjee, De Roeck, DK, Moghaddam, Park, Shin, Whitehead, Yu, PRD98 (2018) 7,

075027])

—— (Cosmic muons
""" -+ Boosted DM

O Background and signal
events are coming from
everywhere.

O Half of them travel
through the earth.

O Backgrounds can’t
penetrate the earth while

signals can!

Doojin Kim, Texas A&M University

O Accept only events

traveling through the
earth (i.e., coming out of
the bottom surface) at the
price of half statistics;
direction inferred from
recoil track = Essentially no
cosmic-origin BGs except
atmospheric neutrino
background (cf. observation
of upward-us induced by v,
created by DM annihilation

[NOVA Collaboration])

NF03 Kick-off Meeting



Elastic BDM Searches at Surface Detectors

X1 X1
e’ /p e’ /p
Naig/yr/0.5 kt, all sky, mx=20 MeV, e=4x10~* Neig/yr/0.5 kt, 80=30°, mx=20 MeV, e=dx10~*
2f 1 2t ]
| SK 30°-cone 90% C.L. from a BDM search |
. | 04 | | j SK-30°.... |
[ E | E ’ 01
-4 - [ I | —all, AT
10 my =50 MeV . & o 4 & @ | KAl o I'
71 =40 - 45 435 LN
o @] ~ @) 2 LS
meeam o O AR A
Q S 5 Q | S 5 ¢ B0
—— PD-total < R 2 S R 3 Sy
=0 et £ 0- et e V4
---- SBNP-total |2 _@g <z ! Qg SV
) %) 0 %) - 4
S —~ 3 —_ X4
— 9 — 4
(o} (o} Vs
0.01 0.02 0.05 0.1 0.2 -~ B C » E ’
-1+ wv © -1+ w fUl
GeV
my [GeV] L | \’,
PD=ProtoDUNE
SBNP=MicroBooNE+ICARUS+SBND combined 2’ 1 2‘
-3 -2 -1 0 1 -3 -2 -1 0 1
Log;o(m1/GeV) Log,,(m1/GeV)

[DK, Kong, Park, Shin, JHEP 08 (2018) 155]
U A wide range of unexplored parameter space can be probed even at surface-based detectors in the elastic

scattering channel of BDM.
QO Full ProtoDUNE/SBN can cover the parameter space (blue circles) uncovered by Super-K! (especially the

region where the relevant recoil energy is lower than 100 MeV.)
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Future Plan 1

O We are planning to investigate iBDM

iBDM signal from all sky

sensitivities and upward-moving eBDM
sensitivities at the [CARUS detector.
0 Why ICARUS
v Just commissioned
v Sub-kt-scale detector mass (0.476 kt

active volume)

v High-capability detector technolo
ICARUS > < o 3
adopted (liquid argon time projection
chamber)

v Can be a good testbed before DUNE

Upward-moving eBDM signal (cf. see Animesh’s talk for the low-mass DM search at
ICARUS using the NuMI beam)

Doojin Kim, Texas A&M University 16 NFO03 Kick-off Meeting



Snowmass2021 - Letter of Interest

Dark Matter Searches at the Next-Generation CEVNS
and Neutrino Facilities: from Photon to Dark Photon

NF Topical Groups:
B (NF3) Beyond the Standard Model

Authors: Bhaskar Dutta (Texas A&M University), Wooyoung Jang (University of Texas at Arlington),
Doojin Kim (Texas A&M University), Jong-Chul Park (Chungnam National University), Seodong Shin
(Jeonbuk National University), Louis Strigari (Texas A&M University), Adrian Thompson (Texas A&M
University), and Jachoon Yu (University of Texas at Arlington)

Snowmass2021 - Letter of Interest
Search for Axion-Like Particles at
the Next Generation Neutrino Experiments

Vedran Brdar®, Albert De Roeck®, Bhaskar Dutta®, Patrick Huber?, Wooyoung Jang®, Doojin Kim®, Tan M.
Shoemakerd, Zahra Tabrizid, Adrian Thompson®, and Jachoon Yu®

“Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany
PCERN, Geneva, Switzerland
“Mitchell Institute for Fundamental Physics and Astronomy, Department of Physics and Astronomy, Texas
A&M University, College Station, TX 77845, USA
dCenter for Neutrino Physics, Department of Physics, Virginia Tech, Blacksburg, VA 24061, USA
¢University of Texas at Arlington, Arlington, TX 76019, USA

Snowmass2021 - Letter of Interest
Search for Axion-Like Particles at the Reactor Neutrino Facilities

James B. Dent®, Albert De Roeck”, Bhaskar Dutta®, Doojin Kim®, Rupak Mahapatra®, Kuver Sinha?, and
Adrian Thompson®

#Department of Physics, Sam Houston State University, Huntsville, TX 77341, USA
YCERN, Geneva, Switzerland
“Mitchell Institute for Fundamental Physics and Astronomy, Department of Physics and Astronomy, Texas
A&M University, College Station, TX 77845, USA
4Department of Physics and Astronomy, University of Oklahoma, Norman, OK 73019, USA

Part II: Lab-Produced Signal

Link to this LOI

Link to this LOI

Link to this LOI



https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-RF6_RF0_Doojin_Kim-028.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-CF1_CF0-TF8_TF9_Doojin_Kim-049.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-RF6_RF0-TF8_TF9_Doojin_Kim-070.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-CF1_CF0-TF8_TF9_Doojin_Kim-049.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-RF6_RF0_Doojin_Kim-056.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-CF1_CF0-TF8_TF9_Doojin_Kim-049.pdf

/ Low-mass Dark Matter (LDM) Production

1 Low-energy beam (e.g., COHERENT, CCM, JSNS?) ' VS High-energy beam (e.g., DUNE, SBN)
Y
X f X
R ) A <<
X S
(slowly) moving 7° relativistic 7%, 7, ...
n
X
—) maanv<—> n* usually decay in flight
e
. x
Stopped ™ p in target

T~ + p — n + X [deNivervill, Pospelov, Ritz (2015)]

TG TR TG

secondary e* secondary e*
+ Brem. contributions + Brem. contributions

Dedicated simulation using e.g., GEANT is needed!

Doojin Kim, Texas A&M University 18 NFO03 Kick-off Meeting
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Photon Flux at Low-Energy Beam Experiments

- Ebeam—lGeV COHERENT COHERENT
—-—|_LU) T 105 O Simulation done with
Fe === 77 P T —n et 2
l P e e (2) GEANT4+FTFP BERT

| 4 | —_—
v p
B ‘ _'—'_‘_’_ [Dutta, DK, Liao, Park, Shin,

Strigari, Thompson,

|
I I arXiv:2006.09386]
10% - |
| - o A .o .
_ 1 I w0 | TP T (1) Significant e*-induced
IO I —— T — n e
| +
]ﬂ I I S ] - \_\ cascade photons
1 _— a0 a1 103 0 50 100 150 S
E, [MeV] 0, [Degree] (2) m° e*-induced photons
E = 2 2 .
beam = 3 GeV JSNS JSNS slightly more forward-

0

6 |
6 — ' —p —e —K} 10 \4) — ' —p —e —K} di d
10 . . r—.——"A:Er—n-—n R Irecte
e L 0] —

_n.+_‘u H_KI _n.+_‘u H_KI
1 (3) More cascade photons and

contributions by heavier
mesons

(4) Slightly more forward-

directed than the case of
0 50 100 150 COHERENT/ CCM

0, [Degree] s
Doojin Kim, Texas A&M University 19 NFO03 Kick-off Meeting




Who is Background?

Target o Detector

Proton beam v
Vi v
e e e o
ve
Stopped wt et
PP N N
Stopped u™* CEVNS event

N

1) “Prompt” neutrinos from the decay of stopped (positively)-charged pions.

v'  Mean life timeof 7% = 2.6 X 10~ 8s.

v Neutrino energy is single-valued, hence deposit energy is upper-bounded. = Energy cut

2) “Delayed” neutrinos from the decay of stopped muons.
v Neutrinos are more energetic than prompt neutrinos.
v Mean life time of u* = 2.2 x 107%s. = Timing cut with us-scale timing resolution

e
Doojin Kim, Texas A&M University 20 NFO03 Kick-off Meeting



L —

Bkdg Rejection Usin

=
[N]
L

=
o
L

——— prompt neutrino
——— delayed neutrino

7V

g Timing Spectra for Low-E Beam Exp.

probability density
o o
o ®

o
B
)

0.2 1
0.0 1
0 1 2 3 4 5 6
time (us)
1
------ 1
----- 1
---------- I
........ !

10729 4

.........

10730 4

dN/dE, (per second per nucleus)

10731

—— Prompt neutrino
Delayed neutrino
Dark matter

=== 14keV cut

50 75

100 125 150 17.5 200 225 250

Er [keV]

(Example distributions in COHERENT)

60000 - m— T =1us, my =75MeV
e T = 0.1, My = 75MeV
50000 - = T=<0.001us, ms =75MeV
e T=1Us, my =138MeV
2 40000 1 - T=0.1us, my = 138MeV
2 30000 - <o+ T=0.001us, my =138MeV
20000 -
10000 A
0 ks = T T T
0 3 4 5 6
T [us]

Timing

LDM signal

Energy

U A combination of energy
and timing cuts can

remove SM/NSI v

backgrounds [Dutta, DK,
Liao, Park, Shin, Strigari,
PRL124 (2020) 12, 121801]

U Similar strategies are
applied for CCM and
JSNS2.

s
Doojin Kim, Texas A&M University
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Excess in COHERENT Data?

. . 1 v
3.0 Significance Contours— ! AN = XN Bestit
504 i B AC Beam-On Background
i Delayed v
! B Prompt v
40 : ¢  Beam-On data
g 2 a
oy = 30+ L
5 - I
] = i
F 201 1
104
1.0 T r r T T T . . r 0 - : T T T :
9 10 11 12 13 14 15 16 17 0 5 10 15 20 25 30 35 40
Energy cut [keV] E,, {MeV}

0 A mild excess in COHERENT Csl 2018 data with 14 keV < E, < 26 keV, T < 1.5 us, R, = 4.7 fm [Dutta, DK,
Liao, Park, Shin, Strigari, PRL124 (2020) 12, 121801]

O The excess can be explained by DM not by NSI (since the cuts remove the prompt and delayed neutrinos).

One can search for DM signals in upcoming (near-future) stopped pion neutrino experiments!

[New COHERENT LAr 2020 data, work in progress]

Doojin Kim, Texas A&M University 22 NFO03 Kick-off Meeting



—5 ]
10 —— CCM LAr (Tight WP)
=== (CCM LAr (Loose WP)

= (COHERENT Csl + LAr MiniBooNE
- | == COHERENT Future-LAr (this work) (Electron)

1071 =+ COHERENT Future-LAr (1912.06422) 'r
JSNS? I
I
BaBar A

10*9 -————————————————--—::"7‘——/-
————— T -

______________ %\\;/,/

MiniBooNE \;"’;,"’
(Nucleus) __=#

Hl(l)l | | IIIIHlOQ
my [MeV]

[Dutta, DK, Liao, Park, Shin, Strigari, Thompson, arXiv:2006.09386]

No Excess - Constraining Parameter Space

X X

\}\*E':\ For COHERENT & CCM
N N
X X

\Ei For JSNS?

e~ ex

0 COHERENT, CCM, and

JSNS? possess competitive
sensitivities to LDM
signals especially toward
the lower mass regime.
(see Dan’s talk for an

alternative approach of

COHERENT.)

Doojin Kim, Texas A&M University 23
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Future Plan 11

O Low-mass DM searches at neutrino experiments using a higher energy beam such as DUNE [De Romeri,
Kelly, Machado (2019); Celentano, Darme, Marsicano, Nardi (2020)], SBN [de Gouvea, Fox, Harnik, Kelly, Zhang (2018)],
MiniBooNE/ NOVA [Celentano, Darme, Marsicano, Nardi (2020)].

O Our plan is to improve LDM sensitivities (significantly) using full photon spectra and (if realized) a novel

way/concept of separating LDM signal and neutrino events (cf. no delayed neutrinos).

3D dipole

mmm) | target

(See Jae’s talk for detailed discussion.)
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From Photon-to-ALP Production to ALP Detection

L We use the photon flux to probe ALPs. Line 2 — 2 — GaeeWWeVsPe
Y ) ayy a a g ayy y 14
~~~~~~~~~~~~~~~~ a gayy
e pegd e
(atomic coherency) (atomic coherency) y
N N N o
Primakoff Inverse Primakoff Decay to photons
gaee e i
a gaee
e +
Compton-like Compton-like Decaytoe~e™
ALP production at target ALP detection at detector

(cf. Nucleon-ALP coupling can be used. [TEXONO Collaboration, hep-ex/0609001])
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v" Reactors are generally featured

by a huge size of photon flux!

—

Reactor v Flux [day ]

1024

10*

102[]

Advantages of ALP Searches at Reactors

— 1 MW Reactor Flux

1-MW MINER photon flux at the reactor core

Core Core |Bkg Rate
Thermal | Proximity | in ROI |Exposure
Experiment Power (m) (DRU) |(kg-days)
MINER (Ge) 1 MW 2.25 100 4000
v-cleus (CaWOy) 4 GW 40 100 10
CONNIE (Si CCD)| 4 GW 30 700 100
CONUS (Ge PPC) | 4 GW 17 100 4000

v' There are many ongoing/near-future
high-power reactor neutrino
experiments.

v Detectors are very close to the reactor
core so that a large fraction of signal can

reach the detectors.

Doojin Kim, Texas A&M University
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Expected Signal Sensitivities

—— MINER Ge (4 kg) —— MINER Ge (4 kg)
10-1 4 NUCLEUS CaWO,(Al1,03) (0.01 kg) 10-2. --=- NUCLEUS CaWO,(Al;03) (0.01 kg)
— = CONNIE Si Skipper CCD (0.1 kg) CONNIE Si Skipper CCD (0.1 kg)
— 10 N CONUSGePPC(4kg) S NUESEE @ ] CONUS Ge PPC (4 kg)
—_— &
s
o 103
O,
—4
10 e
S
bj | <
1074
1074 Red Giants Edelweiss I11
10—6 e 1ants elwelss
10° 10! 10? 10° 10 10° 10° 107

mg [eV]

[Dent, Dutta, DK, Liao, Mahapatra, Sinha, Thompson, PRL124 (2020) 21, 211804]

O Part of “Cosmological Triangle” (allowed by all data [Carenza, Straniero, Dobrich, Giannotti, Lucente, Mirizzi (2020)])
can be probed in reactor neutrino experiments.
O Astrophysical constraints (CAST, HB Stars, Supernova) are model-dependent, hence lab-based ALP

searches can provide more conservative constraints.
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Future Plan III

O ALP searches at DUNE ND (LAr module + GAr module with B field, SAND) using the full photon

spectrum.

Primakoff Scattering and a — ~~, 50t fiducial mass, 10 vears exposure

1071
1073 -
10774 scattering
1077 -
1079
-n = DUNEND NOMAD
107 - Bl Beam Dump HB Stars ‘s
Bl cTe” —inv. + 7 SN1987a -“a
-m‘
- s LEP P‘e\‘
10— Al T T Te
mg [eV]

[Brdar, Dutta, Jang, DK, Shoemaker, Tabrizi, Thompson, Yu, in progress]
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Conclusions

O Null BSM signal observation at existing experiments motivates us to look into
alternative new physics scenarios, especially non-minimal dark-sector scenarios.

L Models with light mediators and light dark matter are interesting and receiving
rising attention.

O Ongoing/near-future next-generation neutrino experiments are excellent places
to search for cosmogenic and lab-produced signals induced by these particles due
to large detector volume and high intensity together with detector high-
capability.

U Proposed searches and phenomenological studies will be important aspects of

the neutrino program in the upcoming decade and beyond.

Thavk you for your attention!
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Event Selections

7&

—
e m———— Target & detector technology Liquid Argon & LArTPC
Depth [m.w.e.] 4.300
Cubic (width x length x height)
Active SP: 14.0 x 58.2 x 12.0 (x2)
. .
Dimension [m] DP: 12.0 x 62.0 x 12.0 (x2)
Fiducial® 11.2 x 57.2 x 11.2 (x4)
Mass [kt] Active SP:13.7x 2, DP: 12,1 x 2
ass
Fiducial SP: 10.0 x 2, DP: 10.0 x 2
electron 30
F,
w [MeV] proton 30-50
20 for E < 0.4 GeV
electron 10 for E < 1.0 GeV
8
Eres [%0] 2+ T for E > 1.0 GeV
‘o 10 for E < 1.0 GeV
proton 5
5+m fOl‘EE IOGEV
electron 1
9 o
res [°] proton b1
Vertex resolution Ve [cm] 1

Table 2. A summary of the characteristics of a far detector similar to the one proposed by the
DUNE Collaboration [24-27]. The unit for depth, m.w.e., stands for meter-water-equivalent. The
“1” symbol indicates the quoted dimensions of the fiducial volumes used in section 5 and detailed

in the text. [De Roeck, DK, Moghaddam, Park, Shin, Whitehead, arXiv:2005.08979]

—
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Muon Flux inside Earth

Q N, atsealevel is ~100 m™?s~'sr™! = 3 x

10° B
E 10° m_zyr_lsr_l. [Particle Data Group (2015)]
E :
- O N, at 20 km.w.e. = 7 km below sea level is
~ 10° e i A A s B
B : ~107? m~%s~!sr7! i.e., suppressed by a
T = °ffi factor of ~10''. = (Potential) muon-
Z 0 L Ly induced BG is negligible for muons incident
z :
5 2
z L atfd > 6.,.
= _
2 6
S e [ 7 km : Z
5 = RS -~ 003
- ® Rg
10‘10 E 1 Lol J 20
1 10 Mo 100 \ 4
' depth (km.w.e.)
[Particle Data Group (2015)] Flattened by neutrino-genic muons
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Key Specifications of Stopped Pion Experiments

(Gd-LS = gadolinium-doped liquid scintillator)

Experiment

Ebeam POT
GeV] [y )

Target Detector: mass, distance, angle, E:ih

COHERENT
[15, 17, 18]
JSNS? [19-21]
CCM [22-24]

CsI[Nal: 14.6 kg, 19.3 m, 90°, 6.5 keV
LAr: 24 kg (0.61 ton), 28 37°, 20 keV
3 3.8 x 10?2 Hg Gd-LS: 17 ton, 24 m | 29°, 2.6 MeV
0.8 1.0 x 10%2 W LAr: 7 ton, 20 m, 90°, 25 keV

Table 2. Key specifications of benchmark experiments and detectors under consideration. All three

experiments use a proton beam, and the POT values are expected spills for 5,000 hours operation

per yvear. The mass of the liquid argon detector in parentheses in COHERENT is for a future

upgrade.
JSNS2:

1) Higher energy threshold — ideal for electron scattering signal (vs. nucleus scattering signal at

COHERENT and CCM)

2) Forward-directed detector location — potentially exposed to more beam-related backgrounds
———
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Dark Matter Signal: Target Recoil

U Nucleus scattering channel at COHERENT and CCM:

d 229272 - | F|? E. E,
7 ¢ 9p | | {QEimN (l — Y — My :N) —f—TTINEE:N}

dE,n  47p2(2mnE, N +m3%,)? B, 2E2

Z: atomic number, F: form factor

E,: energy of incoming dark matter,

E, y: recoil kinetic energy of target nucleus

my: mass of target nucleus, my,: mass of dark photon

Typical recoil energy is much smaller than MeV.

U Electron scattering channel at JSNS? because a nucleus recoil doesn'’t

overcome the detector threshold.

do e2e2g: Z - m?

dE, . (s, mZ,m2) {2m.(m, — E,..) — mi;}z

X [me {E)Zc + (me + E, — ET,C)Q} + (m? + mi)(mc —E,.)]

E, ¢: recoil kinetic energy of target electron
me: mass of target electron, s = Ey + 2E,m, + m%, A(x,y,2) = (x —y — z)*—4yz

X gD X

e i~y
i, i Y

N
X gD X
AI
e e
Q.e€
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: If Mild Excess - Alternative Interpretation: NSI

O Example alternative new physics possibility, Non-Standard Interaction

1071 :
Fit on "after-cut” data * Benchmark case: non-zero coupling g., the
Fit on "before-cut” data NSI in the v, neutral-current interaction
1071 (along with a new mediator).
o = No overlapping regions, especially the
> 10777 prompt timing bin (i.e., T < 1.5 pus)
doesn’t show a good fit. NSI affects the
107 overall normalization of neutrino flux!
. * The situation becomes even worse with g, #
+0 1 10 102 103 10* 0, since it affects not only the delayed but the

M’ [MeV]
prompt spectrum.

.
Doojin Kim, Texas A&M University 35 NF03 Kick-off Meeting



